Genetic susceptibility may be involved in the onset of recurrent miscarriage. Previous studies have shown that some genetic polymorphisms that regulate cell migration are associated with susceptibility to recurrent miscarriage. The SOX2 overlapping transcript (SOX2OT) may regulate the migration and invasion of multiple tumor cells and is related to susceptibility to various diseases. However, whether lncRNA SOX2OT polymorphisms are related to recurrent miscarriage susceptibility is unclear. Therefore, we investigated the relationship between the lncRNA SOX2OT rs9839776 C>T polymorphism and recurrent miscarriage susceptibility. We recruited 570 subjects with recurrent miscarriage and 578 healthy control subjects from a population in southern China and used the TaqMan method for genotyping. We found a significant association between the rs9839776 CT genotype in the SOX2OT gene and an increased risk for recurrent miscarriage (CT vs CC: adjusted OR = 1:357, 95%CI = 1:065 − 1:728, P = 0:0134). However, we did not observe any significant associations between the recurrent miscarriage risk and the number of miscarriages in different age groups. In conclusion, our study indicated that the rs9839776 CT genotype may contribute to an increased risk of recurrent miscarriage in the southern Chinese population and that rs9839776 may act as a prognostic biomarker in recurrent miscarriage patients. However, an experiment-based study with a larger sample size should be performed to confirm these results.
Introduction
Recurrent miscarriage is defined as the loss of two or more pregnancies with an unknown etiology before the 20th week of gestation with the same male partner [1, 2] . Although the etiology is often unknown, studies have found that the migra-tion function of trophoblasts is related to recurrent miscarriage [3, 4] . There are also research findings suggesting that recurrent miscarriage is associated with many genetic polymorphisms, including some genes, such as IGF-2 and PAI-1 that regulate cell migration [5] [6] [7] . Therefore, investigating the relationship between genetic polymorphisms that regulate cell migration, cell invasion, and recurrent miscarriage may help improve the understanding of the pathogenesis of recurrent miscarriage.
Long noncoding RNAs (lncRNAs) are defined as RNA transcript molecules (longer than 200 nucleotides) that are not translated into proteins [8, 9] . Recently, increasing research has shown that lncRNAs, such as regulators of transcription, tumorigenesis, cell migration, and invasion, are involved in numerous cellular and carcinogenesis processes [10] [11] [12] [13] . Increasing research has confirmed that lncRNAs are involved in the occurrence and development of spontaneous miscarriage by regulating the migration and invasion of trophoblast cells [14, 15] . In addition, some studies have found that lncRNA polymorphisms affect the expression of lncRNAs [16, 17] . Moreover, research has shown that lncRNAs are associated with a number of diseases, such as breast cancer, cardiovascular disease, and recurrent miscarriage [18] [19] [20] . To date, multiple lncRNA polymorphisms, such as lncRNA MALAT1 and lncRNA CCAT2, have been associated with susceptibility to recurrent miscarriage [20, 21] . Therefore, investigating the relationship between lncRNA gene polymorphisms and recurrent miscarriage can help to improve the understanding of the pathogenesis of recurrent miscarriage.
The SOX2 overlapping transcript (SOX2OT) is a lncRNA that is located in the SOX2 gene [22] . Recent studies have found that lncRNA SOX2OT acts as a carcinogenic molecule in the pathogenesis of many human cancers, such as gastric cancer, colorectal cancer, and breast cancer [23] [24] [25] [26] .
Research has found that SOX2OT may regulate the migration and invasion of multiple tumor cells, including nonsmall-cell lung cancer cells, hepatocellular carcinoma cells, gastric cancer cells, and colorectal cancer cells [25, [27] [28] [29] . Recently, a study by Tang et al. found that SOX2OT polymorphisms (rs9839776 C>T) are associated with breast cancer susceptibility via their influence on the expression of SOX2OT [22] . Moreover, a study conducted with a population in Tehran showed that breast cancer may be associated with reproductive risk factors [30] . Additionally, reproductive factors (e.g., abortions) constitute one type of risk factor for breast cancer, and abortion causes the mammary epithelium to proliferate and increases susceptibility to carcinogenesis [31] [32] [33] . Furthermore, our previous study found that some of the breast cancer susceptibility related lncRNA gene polymorphisms are also associated with susceptibility to recurrent miscarriage [21] . The abovementioned studies suggest that SOX2OT gene polymorphisms may be associated with recurrent miscarriage. To date, there has been no study on the effect of SOX2OT polymorphisms and the risk of recurrent miscarriage in a Chinese population. To better understand the potential association between SOX2OT polymorphisms and recurrent miscarriage, we conducted a casecontrol study to assess and quantify the association between rs9839776 C>T and the risk of recurrent miscarriage in a Chinese population.
Materials and Methods

Ethics Statement.
This study was approved by the Medical Ethics Committee of Guangzhou Women and Children's Medical Center (Guangzhou, China, 2018022202). All female subjects who participated in this study signed and approved a written informed consent form.
Study Population.
The study population consisted of a total of 570 patients with recurrent miscarriage (diagnosed as two or more spontaneous miscarriages of unknown etiology with the same male partner) and 578 pregnant female subjects with 2 or more normal pregnancies (no miscarriages) as controls. 2.4. Statistical Analysis. The data were entered into a database contained in SAS software (version 9.4; SAS Institute, Cary, NC, USA). Hardy-Weinberg equilibrium (HWE) for the control group and clinical and demographic characteristics of the two groups were compared using the goodness-offit χ 2 test. In addition, the independent effects of each polymorphism on recurrent miscarriage risk were assessed by logistic regression analysis. An odds ratio (OR) with a 95% confidence interval (CI) was used to determine the association between polymorphisms and recurrent miscarriage. A P value ≤ 0.05 was considered statistically significant.
Results
Population Characteristics and SNP Selection.
We recruited 570 patients with recurrent miscarriage between 20 and 46 years of age and 578 healthy control subjects between 20 and 49 years of age (Table 1 ). There were no significant differences in age between patients with recurrent miscarriage and the control subjects (32:63 ± 5:34 vs. 32:52 ± 5:42 years, P = 0:7278). In addition, approximately 55.26% of the patients with recurrent miscarriage experienced two or three miscarriages, and more than 44.74% of the patients experienced four or more miscarriages in this study.
The Relationship between the lncRNA SOX2OT rs9839776 C>T Polymorphism and Recurrent Miscarriage
Susceptibility. The independent association between the SOX2OT genotype distribution of the SNP rs9839776 C>T and recurrent miscarriage risk was evaluated. The distribution of genotypes for rs9839776 C>T is shown in Table 2 . The rs9839776 C>T polymorphism frequencies followed the Hardy-Weinberg equilibrium (p HWE = 0:252). We found a significant correlation between the rs9839776 CT genotype and an increased risk of recurrent miscarriage (CT vs. CC: adjusted OR = 1:357, 95%CI = 1:065 − 1:728, P = 0:0134).
Stratified Analysis of Selected Polymorphisms (rs9839776)
and Recurrent Miscarriage Susceptibility. A stratified analysis of subjects by age and the number of miscarriages further evaluated the effect of the SOX2OT rs9839776 C>T polymorphism in patients with recurrent miscarriage and control subjects (as shown in Table 3 ). The results showed that the SOX2OT rs9839776 C>T polymorphism was not significantly associated with recurrent miscarriage risk or the number of miscarriages in different age groups.
Discussion
In this case-control study with 570 cases and 578 controls, we evaluated the association of the SOX2OT rs9839776 C>T polymorphism with the risk of recurrent miscarriage in a southern Chinese population. We found a significant association between the rs9839776 CT genotype in the SOX2OT gene and an increased risk of recurrent miscarriage. However, we did not observe any significant association with the recurrent miscarriage risk or the number of miscarriages in different age groups. To the best of our knowledge, this is the first study to investigate the relationship between the lncRNA SOX2OT rs9839776 C>T polymorphism and susceptibility to recurrent miscarriage.
The SOX2OT gene, which is one of the major regulators of pluripotency, is located at the 3q26.3-q27 site of the human chromosome [34] . Studies have shown that lncRNAs can regulate the expression of adjacent antisense and overlapping genes through various mechanisms [35] . Because the intron region of SOX2OT contains the SOX2 gene, the SOX2 gene may be regulated by the SOX2OT gene. The Li et al. study found that together, Oct4 and Sox2 enhance the anti-inflammatory effects of human adipose tissue-derived mesenchymal stem cells [36] . Additionally, Spisek et al. found that SOX2 may be a target for specific immunotherapy in myeloma patients [37] . Previous studies suggest that the dysregulation of SOX2OT may play an important role in the inflammatory response by regulating SOX2 expression. In some somatic cancers, the dysregulation of SOX2OT expression and its concomitant expression with SOX2 has become a prominently observed phenomenon, and SOX2OT plays a key role in pluripotency and tumorigenesis [23] . Recent research has shown that the overexpression of SOX2OT is correlated with aggressive tumor behavior in gastric cancer [38] . Wang et al. found that lncRNA SOX2OT has carcinogenic effects, regulates the migration and invasion of osteosarcoma cells, and acts as a prognostic biomarker in osteosarcoma patients [39] .
Research reports on SOX2OT gene polymorphisms are still few. rs9839776 is an intron variant in the SOX2OT gene [40] , and many studies have found that rs9839776 in SOX2OT is associated with susceptibility to many diseases [22, 40] . A genome-wide association study by Boraska et al. found that rs9839776 in SOX2OT is likely associated with anorexia nervosa susceptibility [40] . Tang et al. found that the SOX2OT SNP rs9839776 is strongly associated with an increased risk of breast cancer and higher expression levels of SOX2OT, suggesting that rs9839776 enhances the onset of breast cancer by influencing the expression of SOX2OT [22] . Previous studies have shown that some genetic polymorphisms associated with breast cancer may also be associated with miscarriages [21, [41] [42] [43] [44] [45] [46] . However, whether lncRNA SOX2OT polymorphisms are related to miscarriages has not been reported. In our present case-control study, we found that the rs9839776 CT genotype in SOX2OT may contribute to an increased risk of recurrent miscarriage. To the best of our knowledge, this is the first study to verify the relationship between the lncRNA SOX2OT rs9839776 CT genotype and the risk of recurrent miscarriage in southern China.
Our results indicate that the rs9839776 CT genotype plays an important role in the pathogenesis of recurrent spontaneous miscarriages. The rs9839776 polymorphism in the SOX2OT gene is related to SOX2OT expression in breast cancer [22] . Furthermore, SOX2OT may regulate cell migration and invasion of multiple tumor cells [25, [27] [28] [29] . Moreover, trophoblast migration function plays an important role in the process of recurrent miscarriage. However, we do not have to detect the expression level of SOX2OT in recurrent miscarriage patients. We speculated that the rs9839776 polymorphism may increase the susceptibility to recurrent miscarriage by regulating the expression of SOX2OT. However, its specific molecular mechanism requires further research. This study found that the number of miscarriages and the age of the patients at the time of pregnancy are risk factors for miscarriages. The risk of miscarriage was observed to increase sharply after the age of 35 from 9.5% in subjects 20-24 years of age to 76% in subjects aged 45 years and older. In clinical practice, females ≥ 40 years of age are less likely to become pregnant, and the risk of miscarriage increases [47, 48] . However, in this study, we did not observe any significant association between the recurrent miscarriage risk or the number of miscarriages in different age groups and rs9839776 in the SOX2OT gene.
The current research has some limitations. First, the analysis of miscarriages included the age of the subjects and the number of miscarriages, but due to a lack of information, other factors, such as alcohol consumption, smoking, and family history, which may affect the results of this study, were not considered in the stratified analysis. Second, the study was limited to the southern Chinese population and did not assess cases and controls of other ethnic groups. Considering the large difference in the incidence of miscarriages among different ethnic groups, the distribution and function of rs9839776 C>T in different populations require further investigation. Third, we did not analyze the expression level of SOX2OT. The relationship between the rs9839776 C>T polymorphism and its expression level requires further investigation.
In conclusion, this case-control study confirmed that the lncRNA SOX2OT rs9839776 CT genotype is associated with an increased susceptibility to recurrent miscarriage, but its risk effect was not different among female subjects of all ages, and there was no difference in the number of miscarriages. A larger sample size study and experiments should be performed to confirm the role of the lncRNA SOX2OT polymorphism in the susceptibility to recurrent miscarriage.
All the authors contributed significantly to this work. DC and ZZF devised the research plan. ZZF, SQ, and QFL analyzed the data. DC wrote the manuscript, and LXY and HM were responsible for performing the experiments. LL designed the experimental methods, and XQG and LL modified and edited the manuscript. Finally, all the authors have approved the publication of the manuscript. Zhenzhen Fang, Di Che, and Li Li contributed equally to this study. 
